T he combination of rainfall and snowmelt in northern New England and rainfall in southern New England resulted in minor to major flooding from April 15 to 24, 2019, according to stage and streamflow data collected at 63 selected U.S. Geological Survey (USGS) streamgages. A typical USGS streamgage measures and records stream stage and estimates streamflow based on a relation (rating curve) of discrete measurements of streamflow and the recorded stage. USGS hydrographers were deployed during and after these storms to measure the streamflow of the flooded rivers and confirm streamgage rating curves.
Preliminary Data Indicate…
• The National Weather Service flood stage was reached at 36 USGS streamgages selected for monitoring; the minor flood stage category was reached at 30 streamgages, moderate flood stage category at 5 streamgages, and major flood stage category at 1 streamgage.
• Peak streamflows for the period of record occurred at three streamgages in Maine. Of these, the peak at the St. John River at Ninemile Bridge, Maine streamgage was the highest in its 67-year period of record.
• A total of 30 streamgages-15 streamgages in Maine, 9 in Vermont, 4 in New Hampshire, and 1 each in Connecticut and Massachusetts-recorded peak streamflows within the top 10 for their period of record. Two of these streamgages, the Clyde River at Newport, Vermont and the Saco River at Cornish, Maine, have periods of record greater than 100 years.
• In total, USGS hydrographers made more than 210 streamflow measurements during the April 15-24 floods in New England.
Study Area
In total, 63 streamgages were selected for this report to provide context for the April 15-24 flooding. The 63 selected streamgages in New England ( fig. 1 ) are adjacent to the Atlantic Ocean in the New England Upland, White Mountain, Green Mountain, and Taconic physiographic provinces (Olcott, 1995) . Land-surface elevations of the gaged watersheds range from at mean sea level for many of the watersheds to more than 6,200 feet above mean sea level at Mount Washington in New Hampshire. Average annual precipitation in the area is in the 40-to 50-inch range, with averages greater than 50 inches in the higher elevations of the White Mountains. Map showing locations of selected U.S. Geological Survey streamgages in New England that reached a National Weather Servicedesignated flood stage category (if available) and the rank of the preliminary peak streamflow relative to the annual peak streamflows for the period of record at each streamgage. 
63
Shaded relief base map is copyright Esri, Inc., and its licensors, 2014
Timeline for the Storms
Flooding resulting from rainfall combined with snowmelt in northern New England and rainfall in southern New England occurred on numerous rivers in New England from April 15 to 24. On April 14 and 15, a low-pressure system moved through New England and produced widespread rainfall of 0.5 to 1.5 inches regionally with estimates of more than 2 inches of water-equivalent from snowmelt in northern New England (National Oceanic and Atmospheric Administration, 2019a). A second low-pressure system moved through New England on April 20-21, producing up to 2 inches of precipitation regionally (and 3.9 to 9.8 inches of snowmelt in northern New England (National Oceanic and Atmospheric Administration, 2019a). The additional rainfall and associated runoff from snowmelt caused substantial damage to infrastructure and road closures throughout northern New England. In Vermont, officials have stated that the floods caused at least $2 million in damages to public infrastructure (Leighton, 2019 
Flood Monitoring
The U.S. Geological Survey (USGS), in cooperation with Federal, State, and local agencies, collects water resources data at streamgages in New England each year. These data are valuable for developing an improved understanding of the water resources of the United States. To make these data readily available to interested parties outside the USGS, preliminary stage and streamflow data at continuous record streamgages are available in near real-time through the USGS National Water Information System (NWIS; U.S. Geological Survey, 2019). Preliminary data are provisional and subject to revision until they have been fully reviewed and received final approval. Final streamflow data are published in NWIS following further analysis of the hydraulic characteristics and the stability of those characteristics at each streamgage. Streamflow data are summarized annually by water year, which is the 12-month period October 1 through September 30 (designated by the calendar year in which it ends).
General Weather Conditions
The accumulated snow cover was a considerable further factor in the flooding from April 15 to 24. Modeled snow-water equivalent for April 14 was estimated to be more than 20 inches of water in parts of the Green and White Mountains ( fig. 2) .
The low-pressure system that passed through New England on April 14 and 15 produced snowmelt estimates of up to 3-inches of water equivalent, based on 48-hour modeled snowmelt (National Oceanic and Atmospheric Administration, 2019b). The second low-pressure system that moved through the area on April 20 produced precipitation totals of 0.25 to 2 inches over most of New England with additional snowmelt. At the high elevations of the White Mountains in northern New Hampshire and in western Maine, modeled snowmelt totals of 3.9 to 9.8 inches were estimated for April 20 and 21 (National Oceanic and Atmospheric Administration, 2019b). 
Methods Used To Collect Streamflow Data
The USGS currently [2019] operates 411 real-time streamgages in New England to characterize hydrologic conditions. A typical USGS streamgage measures and records stream stage at 5-to 15 minute intervals using established techniques (Rantz and others, 1982; Turnipseed and Sauer, 2010) and estimates streamflow based on a relation of discrete measurements of streamflow and the recorded stage. This stage-to-streamflow relation is referred to as the rating curve ( fig. 3 ). The USGS routinely collects discrete measurements of streamflow ( fig. 4 ) using established techniques (Rantz and others, 1982; Turnipseed and Sauer, 2010; Mueller and others, 2009) . To continually confirm a rating curve, streamflow measurements are made over the range of observed hydrologic conditions at a streamgage each year.
Floods of April 15-24, 2019
During the April 15-24 floods, USGS hydrographers made more than 210 streamflow measurements in New England to verify, update, or extend existing rating curves. Flooding on April 15-17 generally affected northern New England, including parts of northwestern Maine, southwestern to northern Vermont, and the mainstem of the Connecticut River from central New Hampshire to southern Connecticut. As waters rose in northern New Hampshire and Maine, ice jams formed at three USGS streamgages. An ice jam on the St. John River at the St. John River at Ninemile Bridge, Maine streamgage caused the river stage to reach the National Weather Service (NWS) flood stage, whereas the peak stage associated with an ice jam on the Diamond River near Wentworth Location, New Hampshire, was the highest recorded in the 76-year period of record for the streamgage (table 1) . Ten streamgages in New England reached the NWS minor to major flood category during this series of storms. Six of the 10 streamgages experiencing minor to major flooding were in the Connecticut, Hudson, and Saint Lawrence Rivers Basins in Vermont ( (table 1) .
To gain a historical perspective on the relative magnitude of the flood, peak streamflows at the 63 selected streamgages were ranked against previously recorded peaks of record ( fig.  1; table 1 ). Forty-six of the 63 selected streamgages have more than 50 years of streamflow record, and 21 of these 46 longterm streamgages recorded preliminary streamflow peaks rank within the top 10 for their periods of record. Several of these rivers had historic streamflows during this flood. For example, the streamgage on the St. John River at Ninemile Bridge, Maine, recorded the largest streamflow in the 67 years of record, the Clyde River at Newport, Vermont streamgage recorded the fourth largest streamflow in the 101 years of record, and the St. Croix River at Vanceboro, Maine streamgage recorded the largest streamflow since 1984 and third largest in the 89 years of record ( fig. 5; table 1 ). 
Summary
Rainfall combined with snowmelt in northern New England and rainfall in southern New England resulted in minor to major flooding from April 15 to 24, 2019. On April 15, a low-pressure system moved into New England. The resulting storm produced as much as 2.5 inches of rainfall in New England and 3 inches of snowmelt in the Green and White Mountains. A second low-pressure system passed through New England on April 20 and produced as much as 2 inches of rainfall in New England and upwards of 9.8 inches of snowmelt in the Green and White Mountains. These storms led to flooding in the St. John, St. Croix, Penobscot, Kennebec, Androscoggin, Saco, Connecticut, Merrimack, Hudson, and St. Lawrence Rivers Basins, as was determined by characterizations at 63 selected U.S. Geological Survey (USGS) streamgages in those drainage areas.
The April 15-17 flood primarily affected northern New England as indicated by 15 streamgages that recorded a peak stage or streamflow during this event. The April 20-24 flood was more widespread throughout New England with 48 streamgages across northern and southern New England recording a peak streamflow during this period. During the April 15-17 and 20-24 floods, the rivers at 10 and 26 streamgages, respectively, reached the National Weather Service (NWS) minor flood stage. Rivers at 30 of the 36 USGS streamgages reached the NWS minor flood stage category, 5 reached the moderate flood stage category, and 1 reached the major flood stage category during these two floods.
Three streamgages in Maine recorded their period-of-record peak streamflow during these floods, of which the St. John River at Ninemile Bridge, Maine was the largest in its 67-year record; the other two streamgages where record peak streamflow was recorded had less than 10 years of record. Thirty of the 63 streamgages recorded preliminary peak streamflows in the top 10 for their periods of record: 15 in Maine, 9 in Vermont, 4 in New Hampshire, 1 in Connecticut. Twenty-one of 46 streamgages with long-term records (greater than 50 years) recorded preliminary peak streamflows ranked in the top 10 for their periods of record. In addition to the St. John River at Ninemile Bridge, Maine, streamgage, which recorded the largest peak streamflow in the 67 years of record, the Clyde River at Newport, Vermont, produced the fourth largest streamflow in the 101 years of record, and the St. Croix River at Vanceboro, Maine, produced the largest streamflow since 1984 and third largest in the 89 years of record.
Screen capture from the Teledyne RD Instruments (TRDI) WinRiver II software, from an acoustic Doppler current profiler measurement at U.S. Geological Survey (USGS) streamgage 01014000, St. John River below Fish River, near Fort Kent, ME, on April 24, 2019. The depth of the river (in feet) is plotted on the y-axis, represented by the darkest black line. The river velocity (in feet/second) is represented by the colors on the plot, and is plotted by time on the x-axis (in seconds).
Photograph of equipment on a manned boat used to measure streamflow at U.S. Geological Survey (USGS) streamgage 01014000, St. John River below Fish River, near Fort Kent, ME, on April 24, 2019. This photo faces southwest towards the Town of Fort Kent, ME, with the Lonesome Pine Trails ski slopes in the background. Photograph by Brianna Smith, USGS.
